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1
ELECTRONIC APPARATUS AND CONTROL
METHOD OF ELECTRONIC APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to an electronic apparatus,
and a control method of the electronic apparatus.

2. Related Art

In the related art, an apparatus which obtains a spectro-
scopic image with respect to light with a predetermined
wavelength by causing an imaging element to receive light
which has passed through a spectral filter is known (refer to
Japanese Patent No. 5082648).

The apparatus which is disclosed in Japanese Patent No.
5082648 is configured so as to obtain spectroscopic images
with respect to a plurality of wavelengths, and performs a
preview display of a color image which is obtained by
compositing the spectroscopic images.

Here, in an electronic apparatus which performs a spectral
analyzing process, for example, there is a case in which a
relative position of the electronic apparatus and a target is
changed with reference to a color image which is displayed
in real time (hereinafter, also referred to as real time image)
which is generated using a spectroscopic image, and a
portion at which the spectral analyzing process is performed
is specified.

However, in Japanese Patent No. 5082648, a configura-
tion for obtaining such a real time image is not disclosed. For
example, when a color image which is disclosed in Japanese
Patent No. 5082648 is displayed as a real time image,
spectroscopic images are obtained using a plurality of wave-
lengths, and a real time image is generated from these
images. That is, when one spectroscopic image is set to one
frame, one real time image is displayed in each of a plurality
of frames. For this reason, a time difference by the above
described plurality of frames occurs between displaying of
the first real time image and the subsequent real time image.
There has been a concern that it may not be possible to
update a real time image with respect to a change in imaging
position, when a relative position of the electronic apparatus
and the target is changed during that time.

SUMMARY

An advantage of some aspects of the invention is to
provide an electronic apparatus which can improve a frame
rate of a real time image, and a control method of the
electronic apparatus.

According to an aspect of the invention, there is provided
an electronic apparatus which includes a spectral filter which
selectively outputs light with a predetermined wavelength
from input light, and is capable of changing a wavelength of
the output light; a filter driving unit which sets a wavelength
of the light which is output from the spectral filter, and
sequentially outputs at least red light and green light among
three color light beams of predetermined red light in a red
color wavelength range, predetermined green light in a green
color wavelength range, and predetermined blue light in a
blue color wavelength range in a predetermined order from
the spectral filter; an imaging element which receives at least
the red light and the green light which are sequentially
output from the spectral filter, and obtains at least a red
image and a green image among three color images of the
red image, the green image, and a blue image corresponding
to the three color light beams; and an image generation unit
which generates a composite image using the latest color
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images including at least the red image and the green image
which are obtained using the imaging element.

Here, generating a composite image using the latest color
images means that a composite image is generated from at
least a red image and a green image which have been quite
recently obtained among a red image, a green image, and a
blue image corresponding to three color light beams.

The electronic apparatus according to the aspect of the
invention outputs any one of two or more color light beams
including red light and green light among three color light
beams from a spectral filter, causes an imaging element to
receive the light, and obtains a color image corresponding to
the received color light. That is, the electronic apparatus
obtains a red image with respect to red light, and obtains a
green image with respect to green light. In addition, when
blue light is also received, the electronic apparatus also
obtains a blue image. In addition, when only two color light
beams of red light and green light are received, it is possible
to generate a blue image from the red image and the green
image. A composition image is generated using these three
color images.

In this manner, when generating a composite image, at
least color images of a red image, a green image, and a blue
image of three colors of R (red), G (green), and B (blue) are
obtained, that is, color images of three frames are obtained,
and it is possible to generate one composite image by
compositing these three color images.

In addition, when receiving two color light beams of red
light and green light, blue light is generated from a red image
and a green image. In this case, it is possible to obtain color
images of three colors from color images of two frames of
the red image and the green image.

Accordingly, when the above described composite image
is set to a real time image, it is possible to generate one real
time image at least in each of two frames, when each color
light of R, G, and B is sequentially output from a spectral
filter, and color light of R and G is alternately output in each
of'three frames. In this case, it is possible to improve a frame
rate of a real time image compared to a case in which all of
each of spectroscopic images corresponding to light with a
wavelength at an interval of 10 nm, for example, in a visible
light range are obtained, and then these are composited.

Here, it is possible to take a configuration into consider-
ation in which a frame rate of a real time image is improved
by obtaining each of color images of R, G, and B by
arranging filters corresponding to each color of R, G, and B
in a matrix, and by arranging color filters which are arranged
so that one filter corresponds to each pixel of an imaging
element, instead of a spectral filter. However, in such a
configuration, sensitivity or resolution deteriorates in
respective color images since the number of pixels (that is,
light receiving area) corresponding to one color image
becomes small.

In the aspect of the invention, though it takes time of at
least two frames or three frames, when obtaining a full color
image for generating a composite image, it is possible to
obtain one color image by receiving light using all pixels of
the imaging element, and to improve a frame rate of a real
time image while maintaining sensitivity or resolution.

In the electronic apparatus, the filter driving unit may
sequentially output the red light and green light from the
spectral filter, the imaging element may sequentially obtain
the red image and the green image which respectively
correspond to the red light and the green light, and the image
generation unit may include a blue image generation unit
which generates the blue image from the red image and the
green image, and a composition unit which composites the



US 9,459,147 B2

3

latest red image and green image, and the blue image which
is generated by the blue image generation unit, and generates
the composite image.

Here, among each color light of R, G, and B, a luminance
component, that is, a level of contribution with respect to
color reproduction color reproduction of the blue light (B) is
smallest, and a level of contribution of the green light (G) is
largest.

In the aspect of the invention, it is possible to obtain a
composite image by obtaining the red image, and the green
image with the high level of contribution among the three
color images, and by assuming the blue image with the low
level of contribution.

With such a configuration, as described above, it is
possible to obtain color images of three colors from color
images of two frames of a red image and a green image. For
this reason, it is possible to generate one real time image in
each of at least two frames, and to improve a frame rate of
the real time image. In addition, since a full color image is
obtained using a time of two frames, it is possible to
suppress an occurrence of color shift which is caused when
imaging positions are different between each of images.

In the electronic apparatus, the blue image generation unit
may generate the blue image from a set of red image and
green image every time the set of red image and green image
corresponding to a set of the red light and the green light
which is consecutively output is obtained, and the compo-
sition unit may generate the composite image every time the
set of red image and green image is obtained.

In the aspect of the invention, a composite image is
generated every time a set of red image and green image is
obtained. With such a configuration, a composite image is
generated in each of two frames. Accordingly, for example,
it is possible to reduce the number of times a composite
image is generated, and to suppress a process load which
accompanied generation of a composite image, compared to
a case in which a composite image is generated every time
each color image is obtained.

In the electronic apparatus, the blue image generation unit
may generate the blue image from the latest red image and
green image every time any of the red image and green
image corresponding to the red light and the green light,
respectively, is obtained, and the composition unit may
generate the composite image every time any of the red
image and green image is obtained.

In the aspect of the invention, a red image and a green
image are sequentially obtained by outputting two color
light beams from the spectral filter, a blue image is generated
from the latest red image and green image every time these
color images are obtained, and a composite image is gen-
erated from these three color images.

With such a configuration, it is possible to update a real
time image every time one color image is obtained. In this
manner, it is possible to further improve a frame rate of a real
time image.

In the electronic apparatus, the filter driving unit may
sequentially output the three color light beams in a prede-
termined order from the spectral filter, the imaging element
may sequentially obtain the red image, the green image, and
the blue image which correspond to the red light, the green
light, and the blue light in a predetermined order, and the
image generation unit may generate the composite image in
which the latest red image, green image, and blue image are
composited every time any of the three color images is
obtained.

In the aspect of the invention, a red image, a green image,
and a blue image are sequentially obtained by sequentially
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outputting three color light beams of red light, green light,
and blue light from the spectral filter. In addition, a com-
posite image is generated by compositing the latest red
image, green image, and blue image every time any of each
of color images is obtained.

With such a configuration, it is possible to suppress
deterioration in color reproduction since three color images
are obtained in order to generate a composite image.

In addition, since it is possible to obtain a full color image
in a time of three frames, it is possible to suppress an
occurrence of color shift which is caused when there is a
difference in imaging position between color images.

In the electronic apparatus, the filter driving unit may
output each color light in order of the red light, the green
light, the blue light, and the green light.

In the aspect of the invention, color light beams are output
from the spectral filter in order of red light, green light, blue
light, and green light, and color images corresponding to
each color light are sequentially obtained. In addition, a
composite image is generated by compositing the latest red
image, green image, and blue image every time any one of
each of color images is obtained.

With such a configuration, a green image is necessarily
obtained between a red image and a blue image. That is, a
green image is obtained in one frame of two frames.

Here, a luminance component, that is, a level of contri-
bution with respect to color reproduction of green light (G)
is largest among each of color light of R, G, and B. It is
possible to update a green image of which a level of
contribution with respect to a luminance component is large
among color images which are generation sources of a
composite image (real time image) which is updated in each
frame. For this reason, it is possible to improve a frame rate
of a real time image while suppressing deterioration in color
reproduction even when three color images are obtained.

In the electronic apparatus, the filter driving unit may set
a frequency of outputting the blue light among the color light
beams to be lower than frequencies of outputting the red
light and the green light.

In the aspect of the invention, a frequency of outputting
blue light is lower than frequencies of outputting the red
light and green light. That is, each color image is obtained
by thinning a blue image of which a level of contribution to
color reproduction is small. In this manner, it is possible to
relatively increase a ratio of green image of which a level of
contribution is large to the whole color image. In this
manner, it is possible to improve color reproduction.

In the electronic apparatus, the filter driving unit may
output the red light and the green light with intervals of two
frames, two frames, and one frame, respectively, therebe-
tween and the blue light at an interval of three frames.

In the aspect of the invention, a color image correspond-
ing to each color is obtained in order of green, red, blue,
green, red, green, blue, and green, for example. In addition,
every time any of each of color images is obtained, a
composite image is generated by compositing the latest red
image, green image, and blue image.

With such configuration, as described above, it is possible
to relatively increase a proportion of a green image of which
a level of contribution is large, by thinning a blue image of
which a level of contribution is small, and in this manner, it
is possible to improve color reproduction.

In addition, for example, when red light and green light
are output at an interval of two frames, or one frame,
respectively, and the blue light is output at an interval of
three frames from the spectral filter (for example, red, green,
blue, red, green, red, green, and blue), there is a case in
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which four color images are interposed between the blue
images, and a time difference of five frames occurs. For this
reason, there is a case in which a color shift occurs in which
a difference in imaging position between the blue image and
other color images occurs.

In contrast to this, in the aspect of the invention, it is
possible to reduce a time difference between blue images,
and to suppress an occurrence of the color shift by setting the
number of color images which are interposed between color
images to four.

In the electronic apparatus, the imaging element may
perform reading of a charge which is accumulated according
to a received light intensity of light which is output from the
spectral filter using a non-destructive readout method which
is not accompanied by resetting of the accumulated charges,
and may include an imaging element driving unit which
causes the imaging element to reset the accumulated charge
every time a predetermined number of the color images are
obtained.

According to the aspect of the invention, the accumulated
charge is reset at a predetermined timing. With such a
configuration, it is possible to reduce an occurrence of noise
which is caused when performing resetting, and to suppress
deterioration in a real time image, since the accumulated
charge is not reset every time a color image is obtained.

In the electronic apparatus, the imaging element may
include the imaging element driving unit which performs
reading of the charges which are accumulated according to
the received light intensity of the light which is output from
the spectral filter using the non-destructive readout method
which is not accompanied by resetting of the accumulated
charge, and causes the imaging element to reset the accu-
mulated charge when exceeding a predetermined received
light intensity.

According to the aspect of the invention, when a prede-
termined received light intensity is exceeded, the accumu-
lated charge is reset.

Here, the predetermined received light intensity is set so
as to be less than a received light intensity which is appro-
priately detected by the imaging element (that is, saturation
exposure amount of imaging element).

With such a configuration, it is possible to prevent color
light from being received when exceeding the saturation
exposure amount of the imaging element since the accumu-
lated charge is reset when exceeding a predetermined
received light intensity.

In addition, since the accumulated charge is not reset
every time a color image is obtained, it is possible to reduce
noise which occurs when performing resetting, and to sup-
press deterioration in a real time image.

According to another aspect of the invention, there is
provided a control method of an electronic apparatus which
includes a spectral filter which selectively outputs light with
a predetermined wavelength from input light, and is capable
of changing a wavelength of the output light, a filter driving
unit which sets a wavelength of light which is output from
the spectral filter, an imaging element which receives color
light beams output from the spectral filter, and obtain color
images, and an image generation unit which generates a
composite image using the color images which are obtained
using the imaging element, the method including sequen-
tially outputting at least red light and green light among
three color light beams of predetermined red light in a red
color wavelength range, predetermined green light in a green
light wavelength range, and predetermined blue light in a
blue light wavelength range from the spectral filter in
predetermined order; obtaining at least the red image and
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green image among three color images of the red image, the
green image, and a blue image corresponding to the three
color light beams by receiving at least the red light and green
light; and generating a composite image using latest color
images including at least the red image and green image
which are obtained.

In the control method of the electronic apparatus, simi-
larly to the above described invention, any of two or more
color light beams including red light and green light among
three color light beams are output from the spectral filter,
and are received by the imaging element, and a color image
corresponding to the received color light is obtained. That is,
a red image is obtained with respect to red light, a green
image is obtained with respect to green light. In addition,
when blue light is also received, a blue image is also
obtained. In addition, when only two color light beams of
red light and green light are received, it is possible to
generate a blue image from the red image and the green
image. A composite image is generated using these three
color images.

Accordingly, similarly to the above described aspect of
the invention, when a composite image is set to a real time
image, it is possible to improve a frame rate of the real time
image.

In addition, it is possible to obtain one color image by
receiving light using all pixels of the imaging element, and
to improve a frame rate of a real time image while main-
taining sensitivity or resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 is a block diagram which illustrates a schematic
configuration of a spectrometry device according to a first
embodiment of the invention.

FIG. 2 is a plan view which illustrates a schematic
configuration of a wavelength variable interference filter
according to the first embodiment.

FIG. 3 is a cross-sectional view which illustrates a sche-
matic configuration of the wavelength variable interference
filter according to the first embodiment.

FIG. 4 is a diagram which schematically illustrates an
example of a generating procedure of a composite image
according to the first embodiment.

FIG. 5 is a flowchart which illustrates an example of a
spectrometry process according to the first embodiment.

FIG. 6 is a graph which schematically illustrates an
example of a voltage change corresponding to an accumu-
lated charge of an imaging element according to the first
embodiment.

FIG. 7 is a diagram which schematically illustrates an
example of a generating procedure of a composite image
according to a second embodiment.

FIG. 8 is a diagram which schematically illustrates an
example of a generating procedure of a composite image
according to a third embodiment.

FIG. 9 is a diagram which schematically illustrates an
example of a generating procedure of a composite image
according to a fourth embodiment.

FIG. 10 is a diagram which schematically illustrates an
example of a generating procedure of a composite image
according to a fifth embodiment.

FIG. 11 is a diagram which schematically illustrates an
example of a generating procedure of a composite image
according to a sixth embodiment.
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FIG. 12 is a graph which schematically illustrates an
example of a voltage change corresponding to an accumu-
lated charge of an imaging element according to a seventh
embodiment.

FIG. 13 is a block diagram which illustrates a schematic
configuration of a spectrometry device according to an
eighth embodiment of the invention.

FIG. 14 is a flowchart which illustrates an example of a
spectrometry process in the eighth embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

Hereinafter, a first embodiment of the invention will be
described based on drawings.
Configuration of Spectrometry Device

FIG. 1 is a block diagram which illustrates a schematic
configuration of a spectrometry device in the invention.

A spectrometry device 1 is a device which analyzes a light
intensity of each wavelength in measurement target light
which is reflected from a measurement target X, and mea-
sures an optical spectrum. As illustrated in FIG. 1, the
spectrometry device 1 includes an optical module 10, a
display unit 20, and a control unit 30 which controls the
optical module 10 and the display unit 20, and processes a
signal which is output from the optical module 10.

In the spectrometry device 1, a relative position of the
spectrometry device 1 and the measurement target X is
determined in order to set a measurement position of the
measurement target X when performing spectrometry with
respect to the measurement target X. At this time, an image
which is imaged using the optical module 10 is displayed on
the display unit 20 in real time, and the relative position of
the spectrometry device 1 and the measurement target X is
determined with reference to the image (hereinafter, also
referred to as real time image).

In addition, according to the embodiment, an example in
which measurement target light which is reflected from the
measurement target X is measured is described; however,
when a luminous body such as a liquid crystal panel, for
example, is used, light which is emitted from the luminous
body may be set to a measurement target as the measurement
target X.

Configuration of Optical Module

The optical module 10 includes a wavelength variable
interference filter 5, an imaging element 11, a detection
signal processing unit 12, a voltage control unit 13, and a
light reception control unit 14.

The optical module 10 guides measurement target light
which is reflected from the measurement target X to the
wavelength variable interference filter 5 through an input
optical system (not illustrated), and receives the light which
has penetrated through the wavelength variable interference
filter 5 using the imaging element 11. In addition, a detection
signal which is output from the imaging element 11 is output
to the control unit 30 through the detection signal processing
unit 12.

Configuration of Wavelength Variable Interference Filter

FIG. 2 is a plan view which illustrates a schematic
configuration of the wavelength variable interference filter.
FIG. 3 is a cross-sectional view of the wavelength variable
interference filter which is taken along line III-III in FIG. 2.

The wavelength variable interference filter 5 corresponds
to a spectral filter in the invention, and a variable wave-
length-type Fabry-Perot etalon. The wavelength variable
interference filter 5 is a rectangular plate-shaped optical
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member, for example, and includes a fixed board 51 which
is formed with a thickness of approximately 500 nm, for
example, and a movable board 52 which is formed with a
thickness of approximately 200 nm, for example. This fixed
board 51 and movable board 52 are respectively formed
using, for example, various types of glass such as soda glass,
crystalline glass, quartz glass, fint glass, potassium glass,
borosilicate glass, or alkali-free glass, or crystal, or the like.
In addition, the fixed board 51 and the movable board 52 are
integrally configured when a first bonding unit 513 of the
fixed board 51 and a second bonding unit 523 of the movable
board are bonded using a bonding film 53 (first bonding film
531 and second bonding film 532) which is configured using
a plasma polymerized film, or the like, of which a main
component is siloxane, for example.

A fixed reflecting film 54 is provided on the fixed board
51, and a movable reflecting film 55 is provided on the
movable board 52. This fixed reflecting film 54 and the
movable reflecting film 55 are arranged so as to face each
other across a gap Ga. In addition, an electrostatic actuator
56 for adjusting (changing) a size of the gap Ga is provided
in the wavelength variable interference filter 5.

In addition, in a planar view (hereinafter, referred to as
filter planar view) in FIG. 2 in which the wavelength
variable interference filter 5 is viewed in the board thickness
direction of the fixed board 51 (movable board 52), planar
center points O of the fixed board 51 and movable board 52
match a center point of the fixed reflecting film 54 and the
movable reflecting film 55, and match a center point of a
movable unit 521 which will be described later.
Configuration of Fixed Board

An electrode arranging groove 511 and a reflecting film
arranging unit 512 are formed on the fixed board 51 using
etching. A thickness of the fixed board 51 is formed so as to
be large with respect to the movable board 52, and there is
no bending of the fixed board 51 due to electrostatic attrac-
tion or an internal stress of a fixed electrode 561, when a
voltage is applied between the fixed electrode 561 and the
movable electrode 562.

In addition, a notch portion 514 is formed at an apex C1
of the fixed board 51, and a movable electrode pad 564P
which will be described later is exposed to the fixed board
51 side of the wavelength variable interference filter 5.

The electrode arranging groove 511 is formed in a ring
shape about the planar center point O of the fixed board 51
in a filter planar view. The reflecting film arranging unit 512
is formed on the movable board 52 side by protruding from
a center portion of the electrode arranging groove 511. A
groove base of the electrode arranging groove 511 becomes
an electrode arranging face 511 A on which the fixed elec-
trode 561 is arranged. In addition, a protruding tip end face
of'the reflecting film arranging unit 512 becomes a reflecting
film arranging face 512A.

In addition, an electrode lead groove 511B which extends
toward the apex C1 and an apex C2 on the outer edge of the
fixed board 51 from the electrode arranging groove 511 is
provided on the fixed board 51.

The fixed electrode 561 which configures the electrostatic
actuator 56 is provided on the electrode arranging face S11A
of the electrode arranging groove 511. More specifically, the
fixed electrode 561 is provided in a region facing the
movable electrode 562 of the movable unit 521 which will
be described later, in the electrode arranging face 511A. In
addition, there may be a configuration in which an insulating
film for securing insulation between the fixed electrode 561
and the movable electrode 562 is stacked on the fixed
electrode 561.
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In addition, the fixed extraction electrode 563 which
extends in a direction toward the apex C2 from the outer
edge of the fixed electrode 561 is provided on the fixed
board 51. An extended tip end portion of the fixed extraction
electrode 563 (portion at which apex C2 of the fixed board
51 is located) configures a fixed electrode pad 563P which
is connected to the voltage control unit 13.

In addition, according to the embodiment, a configuration
in which one fixed electrode 561 is provided on the electrode
arranging face 511A is illustrated; however, for example,
there may be a configuration in which two electrodes which
form a concentric circle about the planar center point O are
provided (double electrode configuration), or the like.

The reflecting film arranging unit 512 is formed in an
approximately columnar shape with a diameter which is
smaller than that of the electrode arranging groove 511 on
the same axis of the electrode arranging groove 511, and
includes the reflecting film arranging face 512A which faces
the movable board 52 of the reflecting film arranging unit
512.

As illustrated in FIG. 3, in the reflecting film arranging
unit 512, the fixed reflecting film 54 is provided. As the fixed
reflecting film 54, it is possible to use, for example, a film
of metal such as Ag, or film of an alloy such as an Ag alloy.
In addition, a dielectric multilayer film in which a highly
refractive layer is set to TiO,, and a low refractive layer is
set to Si0, may be used. In addition, a reflecting film which
is formed by stacking a metal film (or alloy film) on a
dielectric multilayer film, a reflecting film which is formed
by stacking a dielectric multilayer film on a metal film (or
alloy film), a reflecting film which is formed by stacking a
single refractive layer (TiO,, SiO,, or the like) on a metal
layer (or alloy layer), or the like may be used.

In addition, an antireflection film may be formed at a
position corresponding to the fixed reflecting film 54, on a
light input face (face on which fixed reflecting film 54 is not
provided) of the fixed board 51. It is possible to form the
antireflection film by alternately stacking a low refractivity
index film and a high refractivity index film, and transmis-
sivity is increased by decreasing reflectivity of visible light
on the surface of the fixed board 51.

A face on which the electrode arranging groove 511, the
reflecting film arranging unit 512, and the electrode lead
groove 511B are not formed in the faces of the fixed board
51 which face the movable board 52 using etching configure
the first bonding unit 513. A first bonding film 531 is
provided on the first bonding unit 513, and when the first
bonding film 531 is bonded to the second bonding film 532
which is provided on the movable board 52, the fixed board
51 and the movable board 52 are bonded to each other, as
described above.

Configuration of Movable Board

In a plan view of the filter which is illustrated in FIG. 2,
the movable board 52 includes a circular movable unit 521
of which a center is the planar center point O, a holding unit
522 which has the same axis as the movable unit 521, and
holds the movable unit 521, and a board outer peripheral
portion 525 which is provided on the outer side of the
holding unit 522.

In addition, as illustrated in FIG. 2, the notch portion 524
is formed on the movable board 52 by corresponding to the
apex C2, and the fixed electrode pad 563P is exposed when
the wavelength variable interference filter 5 is viewed from
the movable board 52 side.

The thickness of the movable unit 521 is formed so as to
be larger than that of the holding unit 522. For example,
according to the embodiment, the thickness of the movable

5

10

15

20

25

30

35

40

45

50

55

60

65

10

unit 521 is formed so as to have the same thickness as that
of the movable board 52. A diameter of the movable unit 521
is formed so as to be larger than at least that of the outer
peripheral edge of the reflecting film arranging face 512A.
In addition, the movable electrode 562 and the movable
reflecting film 55 are provided in the movable unit 521.

In addition, similarly to the fixed board 51, an antireflec-
tion film may be formed on a face on the opposite side to the
fixed board 51 of the movable unit 521. Such an antireflec-
tion film is formed by alternately stacking a low refractivity
index film and a high refractivity index film, and it is
possible to increase transmissivity by decreasing reflectivity
of visible light on the surface of the movable board 52.

The movable electrode 562 faces the fixed electrode 561
across a gap Gb, and is formed in a ring shape which is the
same shape as that of the fixed electrode 561. The movable
electrode 562 configures the electrostatic actuator 56 along
with the fixed electrode 561. In addition, the movable board
52 includes a movable lead electrode 564 which extends
toward the apex C1 of the movable board 52 from the outer
peripheral edge of the movable electrode 562. An extending
tip end portion of the movable lead electrode 564 (portion
located at apex C1 of movable board 52) configures the
movable electrode pad 564P which is connected to the
voltage control unit 13.

The movable reflecting film 55 is provided so as to face
the fixed reflecting film 54 across the gap Ga at a center
portion of the movable face 521 A of the movable unit 521.
As the movable reflecting film 55, a reflecting film which
has the same configuration as that of the fixed reflecting film
54, which is described above, is used.

In addition, according to the embodiment, as described
above, an example in which a size of the gap Gb is larger
than that of the gap Ga is described; however, there is no
limitation to this. There may be a configuration in which the
size of the gap Ga is larger than that of the gap Gb depending
on a wavelength range of the measurement target light, for
example, when infrared ray or far-infrared ray is used as the
measurement target light, or the like.

The holding unit 522 is a diaphragm which surrounds the
periphery of the movable unit 521, and is formed so as to
have a smaller width than that of the movable unit 521. The
holding unit 522 is easily bent compared to the movable unit
521, and causes the movable unit 521 to be displaced to the
fixed board 51 side using slight electrostatic attraction. At
this time, since the thickness of the movable unit 521 is
larger than that of the holding unit 522, and rigidity of the
movable unit increases, even when the holding unit 522 is
pulled toward the fixed board 51 side due to the electrostatic
attraction, a shape of the movable unit 521 does not change.
Accordingly, bending of the movable reflecting film 55
which is provided in the movable unit 521 does not occur,
and, it is usually possible to maintain the fixed reflecting film
54 and the movable reflecting film 55 in a state of being
parallel to each other.

In addition, according to the embodiment, the diaphragm-
shaped holding unit 522 is exemplified; however, there is no
particular limitation to this, and, for example, there may be
a configuration in which beam-shaped holding units which
are arranged at equal angular intervals are provided about
the planar center point O, or the like.

As described above, the board outer peripheral portion
525 is provided on the outer side of the holding unit 522 in
the filter planar view. A face of the board outer peripheral
portion 525 facing the fixed board 51 includes the second
bonding unit 523 which faces the first bonding unit 513. In
addition, the second bonding film 532 is provided in the
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second bonding unit 523, and as described above, the fixed
board 51 and the movable board 52 are bonded when the
second bonding film 532 is bonded to the first bonding film
531.

Configurations of Detection Signal Processing Unit, Voltage
Control Unit, and Light Reception Control Unit

Subsequently, the optical module 10 will be described by
returning to FIG. 1.

The imaging element 11 receives (detects) light which has
penetrated through the wavelength variable interference
filter 5, and outputs a detection signal based on a received
light intensity to the detection signal processing unit 12.

Here, the imaging element 11 stores charges correspond-
ing to the received light intensity in each pixel, respectively.
In addition, the imaging element 11 outputs accumulated
charges of each pixel corresponding to the received light
intensity as detection signals (voltages) while maintaining
the accumulated charges. That is, the imaging element 11 is
a non-destructive readout element which is configured so as
to read the detection signal corresponding to the received
light intensity without accompanying resetting of the accu-
mulated charge.

The detection signal processing unit 12 amplifies the input
detection signal (analog signal), and outputs the signal to the
control unit 30 thereafter, by converting the signal into a
digital signal. The detection signal processing unit 12 is
configured of an amplifier which amplifies the detection
signal, an A/D converter which converts an analog signal
into a digital signal, or the like.

The voltage control unit 13 applies a driving voltage to the
electrostatic actuator 56 of the wavelength variable interfer-
ence filter 5 based on control of the control unit 30. In this
manner, electrostatic attraction occurs between the fixed
electrode 561 and the movable electrode 562 of the electro-
static actuator 56, and the movable unit 521 is displaced to
the fixed board 51 side.

The light reception control unit 14 controls the imaging
element 11 based on a command signal of the control unit
30. Specifically, the light reception control unit 14 causes the
imaging element 11 to start detection of light to be mea-
sured. In addition, the light reception control unit 14 per-
forms a readout control which causes the imaging element
11 to output a detection signal. In addition, the light recep-
tion control unit 14 performs a reset control in which charges
which are accumulated in each pixel of the imaging element
11 are eliminated.

Configuration of Control Unit

Subsequently, the control unit 30 of the spectrometry
device 1 will be described.

The control unit 30 is configured by combining a CPU, a
memory, and the like, for example, and controls the entire
operation of the spectrometry device 1. As illustrated in FIG.
1, the control unit 30 includes a filter driving unit 31, an
imaging element driving unit 32, a light intensity obtaining
unit 33, a composite image generation unit 34, a display
control unit 35, a spectrometry unit 36, and a storage unit 37.

In addition, the storage unit 37 stores various programs, or
various data for controlling the spectrometry device 1. The
data is, for example, V-A, data which denotes a wavelength
of transmitted light with respect to a driving voltage which
is applied to the electrostatic actuator 56, or information
related to a measurement wavelength when measuring the
measurement target X (measurement start wavelength,
changing interval of wavelength, measurement ending
wavelength, or the like).

The filter driving unit 31 sets a target wavelength of light
which is taken out using the wavelength variable interfer-
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ence filter 5, and outputs a command signal for applying a
driving voltage corresponding to the set target wavelength to
the electrostatic actuator 56 to the voltage control unit 13
based on the V-A, data.

The imaging element driving unit 32 outputs a command
signal for instructing the light reception control unit 14 a
detection start timing of measurement light using the imag-
ing element 11. In addition, the imaging element driving unit
32 outputs a command signal for causing the imaging
element 11 to output a detection signal at a timing at which
a preset receiving time has passed to the light reception
control unit 14. In addition, the imaging element driving unit
32 outputs a command signal for eliminating charges which
are accumulated in each pixel of the imaging element 11 to
the light reception control unit 14 at a predetermined timing.

The light intensity obtaining unit 33 obtains a detection
signal from the imaging element 11 through the detection
signal processing unit 12, and obtains a spectroscopic image
by obtaining a received light intensity of transmitted light of
the wavelength variable interference filter 5 in each pixel of
the imaging element 11. The spectroscopic image in which
a pixel position and the received light intensity correspond
to each other is correlated with a measurement wavelength
at the time of detecting, and is stored in the storage unit 37.

The composite image generation unit 34 corresponds to
an image generation unit in the invention, and includes a
blue image generation unit 341 and a composition unit 342,
and generates a composite image by compositing each color
image corresponding to each color light of R, G, and B.

The blue image generation unit 341 estimates a blue
image corresponding to predetermined blue light in a B
wavelength range among light beams from the same mea-
surement target X using operation, using a red image and a
green image which respectively correspond to predeter-
mined red light in a R wavelength range and predetermined
green light in a G wavelength range among light beams from
the measurement target X, and are obtained using the light
intensity obtaining unit 33, and obtains the blue image.

The composition unit 342 generates a composite image by
compositing the above described red image and green
image, and the blue image which is obtained from the red
image and the green image.

The display control unit 35 causes the display unit 20 to
display a real time image which is generated by the com-
posite image generation unit 34. In addition, the display
control unit causes the display unit 20 to display various
images such as a spectrometry result, in addition to that.

The spectrometry unit 36 measures a spectral property of
measurement target light based on light intensity which is
obtained using the light intensity obtaining unit 33.
Spectrometry Process

Subsequently, a spectrometry process using the above
described spectrometry device 1 will be described based on
drawings.

In the spectrometry device 1, in order to set a measure-
ment position of the measurement target X when performing
spectrometry with respect to the measurement target X, an
image which is imaged using the optical module 10 is
displayed on the display unit 20 in real time. A user
determines a relative position of the spectrometry device 1
and the measurement target X with reference to the real time
image which is displayed on the display unit 20.

Here, FIG. 4 is a diagram which schematically illustrates
a procedure of generating a composite image which is
displayed as a real time image.

As illustrated in FIG. 4, according to the embodiment, a
red image R and a green image G which correspond to two
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color light beams of R and G are alternately obtained, a set
of the red image R and the green image G which are
consecutive in the spectrometry device are obtained, and
then a blue image B is obtained from these. In addition, a
composite image is generated by compositing the red image
R, the green image G, and the blue image B. The composite
image, that is, a real time image is displayed on the display
unit 20. In the spectrometry device 1, the above described
process is repeated, and the real time image is updated.

FIG. 5 is a flowchart which illustrates an example of the
spectrometry process using the spectrometry device 1.

As illustrated in FIG. 5, when receiving the instruction for
starting measurement, the spectrometry device 1 obtains
color images of each color of R and G, in order to display
a real time image (step S1).

In the spectrometry device 1, respective wavelengths of
red light and green light are preset in two wavelength ranges
of R and G among each color of R (for example, 610 nm to
760 nm), G (for example, 500 nm to 560 nm), and B (for
example, 435 nm to 480 nm), and are stored in the storage
unit 37.

The filter driving unit 31 controls the voltage control unit
13, and applies a driving voltage corresponding to the target
wavelength to the electrostatic actuator 56. In this manner,
color light corresponding to the target wavelength penetrates
the wavelength variable interference filter 5, is imaged using
the imaging element 11, and thereby a color image corre-
sponding to the target wavelength is obtained. When the
filter driving unit 31 changes a target wavelength, for
example, light which penetrates the wavelength variable
interference filter 5 is changed from red light to green light,
and a red image and a green image are sequentially obtained.

Subsequently, the imaging element driving unit 32 deter-
mines whether or not it is a timing for resetting charges
which are accumulated in the imaging element 11 (step S2).

Here, FIG. 6 is a graph which schematically illustrates a
change in time and voltage in one pixel in which charge is
accumulated, in the imaging element 11 which is configured
s0 as to store charge in a non-destructive method.

According to the embodiment, a reset timing is set so that
charges in the imaging element 11 are reset every time color
images of four frames are obtained. That is, when consecu-
tive two color images of R and G are set to a set of color
images, it becomes a reset timing every time two sets of
color images are obtained (that is, every time t1x4 elapses),
and the charges of the imaging element 11 are reset (step
S3). When it is not a reset timing, charges in the imaging
element 11 are not reset, and are consecutively accumulated.

In addition, there is setting such that whether or not it is
a reset timing is determined every time a set of color images
is obtained; however, the determination may be made every
time each color image is obtained, that is, in each of one
frame.

Subsequently, the blue image generation unit 341 gener-
ates a blue image from the obtained red image and green
image (step S4).

In addition, the composition unit 342 composites the red
image and green image which are obtained in step S4, and
generates a composite image (step S5).

In addition, the display control unit 35 causes the display
unit 20 to display the generated composite image as a real
time image (step S6).

Specifically, as illustrated in FIG. 4, the blue image
generation unit 341 generates a blue image B1 using a red
image R0 and a green image (1, after the red image R0 and
the green image 1 are sequentially obtained. In addition, as
a method of generating a blue image from a red image and

10

15

20

25

30

35

40

45

50

55

60

65

14

a green image, a method of obtaining a luminance value of
a position corresponding to each pixel of a blue image as a
mean value of each pixel of the red image and green image
may be exemplified. In addition, a method in which a
luminance value of a position corresponding to each pixel of
a blue image is estimated based on a luminance value of
each pixel of a red image and green image may be exem-
plified.

In addition, the composition unit 342 generates a com-
posite image (ROG1B1) which is a color image by compos-
iting the red image RO, the green image G1, and the blue
image B1.

The display control unit 35 causes the display unit 20 to
display the composite image (ROG1B1).

Subsequently, the control unit 30 determines whether or
not an instruction for starting spectrometry has been
received (step S7).

When the instruction for starting spectrometry has not
been received (No in step S7), processes in steps S1 to S6
are performed, and a real time image is displayed, consecu-
tively. That is, as illustrated in FIG. 4, a red image R2 and
a green image (G3 are obtained following the red image R0
and the green image G1. In addition, a blue image B3 is
generated from a red image R2 and a green image G3. A
composite image (R2G3B3) is generated by compositing the
red image R2, the green image G3, and the blue image B3
which are obtained in this manner, and is displayed on the
display unit 20.

That is, the spectrometry device 1 sequentially obtains a
red image and a green image until receiving an instruction
for starting spectrometry (Yes in step S7), generates a
composite image every time a set of a red image and a green
image for the spectrometry device is obtained, and performs
a real time display process of displaying the composite
image on the display unit 20.

In addition, according to the embodiment, the imaging
element 11 which is configured so as to store charges in a
non-destructive manner is used. Accordingly, when sequen-
tially obtaining a color image without resetting accumulated
charges, a received light intensity of each pixel is obtained
in a period of time after a gap size of the wavelength variable
interference filter 5 is stabilized (period of time in which
period of time in which gap size of wavelength variable
interference filter 5 fluctuates is excluded).

When receiving an instruction for starting spectrometry
(Yes in step S7), the spectrometry device 1 performs spec-
trometry (step S8).

The filter driving unit 31 reads a driving voltage with
respect to a measurement wavelength from the V-A, data
which is stored in the storage unit 37, and outputs a
command signal for applying the driving voltage to the
electrostatic actuator 56 to the voltage control unit 13. In this
manner, the driving voltage is applied to the electrostatic
actuator 56, and a gap Ga is set to a size corresponding to
the measurement wavelength. When the gap Ga is set, light
of the measurement wavelength is transmitted from the
wavelength variable interference filter 5, and is input to the
imaging element 11. The light intensity obtaining unit 33
obtains a light intensity of each pixel at the measurement
wavelength based on a detection signal in each pixel of the
imaging element 11. The spectrometry device 1 similarly
obtains a light intensity related to all the measurement
wavelengths. The spectrometry unit 36 obtains a spectrom-
etry result based on the obtained light intensities.

Subsequently, the spectrometry unit 36 obtains a spectral
spectrum using selected light receiving data (step S9). The
spectrometry unit 36 calculates the spectral spectrum as a
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measurement target using the light intensity which is cal-
culated with respect to each wavelength.
Operational Effects of First Embodiment

The spectrometry device 1 causes red light and green light
among three color light beams to be sequentially output
from the wavelength variable interference filter 5, causes the
imaging element 11 to receive the light beams, and obtains
a color image corresponding to the received color light
beams. In addition, a blue image is generated from a red
image and a green image every time a set of red image and
green image is obtained, and a composite image is generated
using these three color images. In this manner, it is possible
to obtain three color images from color images of two
frames of a red image and a green image.

It is possible to generate one real time image every two
frames by setting the composite image which is obtained in
this manner to a real time image, and to improve a frame rate
of the real time image.

In addition, since it is possible to obtain two color images
using a time of two frames, it is possible to suppress an
occurrence of a color shift which is caused by an imaging
position shift between color images.

In addition, when obtaining each color image of R, G, and
B, a luminance component, that is, a level of contribution
with respect to color reproduction of the blue image (B) is
smallest, and a level of contribution of the green light (G) is
largest among each color light of R, G, and B. Accordingly,
by obtaining a red image and a green image, and estimating
a blue image from these color images, it is possible to
improve a frame rate of a real time image while suppressing
deterioration in color reproduction.

Here, filters corresponding to each color of R, G, and B
are arranged in a matrix, and a configuration is taken into
consideration in which a frame rate of a real time image is
improved by obtaining each color image of R, G, and B at
the same time, by arranging color filters which are arranged
so that one filter corresponds to each pixel of the imaging
element 11, instead of the wavelength variable interference
filter 5. However, with such a configuration, sensitivity or
resolution in each color image deteriorates since the number
of pixels (light receiving area) corresponding to one color
image is reduced.

In contrast to this, though it takes a time of at least two
frames in order to obtain a full color image, it is possible to
obtain a color image by receiving colored light on the entire
face of the imaging element 11, and to improve a frame rate
of a real time image while maintaining sensitivity or reso-
lution.

The spectrometry device 1 generates a blue image from an
obtained red image and green image by sequentially out-
putting two color light beams of red light and green light
from the wavelength variable interference filter 5. With such
a configuration, it is possible to improve a frame rate of a
real time image while suppressing deterioration in color
reproduction by generating a blue image corresponding to
blue light of which a level of contribution to color repro-
duction is smallest from a red image and a green image.

In addition, according to the embodiment, a composite
image is generated every time a set of red image and green
image is obtained. For example, it is possible to reduce the
number of times a composite image is generated, and to
reduce a processing load of the control unit 30 compared to
a case in which a composite image is generated every time
each color image is generated.

In addition, according to the embodiment, a red image and
a green image are sequentially obtained, and a composite
image is generated every time a green image is obtained.
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With such a configuration, it is possible to suppress dete-
rioration in color reproduction compared to a case in which
a composite image is generated every time a red image is
obtained, since a composite image is generated immediately
after obtaining a green image of which a level of contribu-
tion to color reproduction is large. Accordingly, it is possible
to improve a frame rate of a real time image while sup-
pressing an increase in process load, and deterioration in
color reproduction.

In addition, according to the embodiment, accumulated
charges of the imaging element 11 which can perform
non-destructive reading is reset at a predetermined timing,
that is, at a timing in which light receiving is performed by
a predetermined frames. With such a configuration, it is
possible to reduce noise which occurs when performing
resetting, and to suppress deterioration in a real time image,
since accumulated charges are not accumulated every time
a color image is obtained.

Second Embodiment

Hereinafter, a second embodiment of the invention will be
described based on drawings.

According to the first embodiment, a red image and a
green image are sequentially obtained, and a composite
image is obtained every time a set of red image and green
image are consecutively obtained, that is, every two frames;
however, according to the embodiment, it is different from
the first embodiment that a red image and a green image are
sequentially obtained, and a composite image is generated
every time a color image is obtained.

FIG. 7 is a diagram which schematically illustrates a
procedure of generating a composite image in the second
embodiment.

According to the embodiment, as illustrated in FIG. 7, a
spectrometry device 1 sequentially obtains a red image and
a green image, similarly to the first embodiment. According
to the embodiment, the blue image generation unit 341
generates a blue image using the latest red image and green
image every time any color image from a red image and a
green image is obtained, and the composition unit 342
generates a composite image. The generated composite
image is displayed on the display unit 20.

Specifically, as illustrated in FIG. 7, after obtaining a
green image G1 which is subsequent to the first red image
RO (step S1 in FIG. 5), the blue image generation unit 341
a blue image B1 using this red image R0 and the green image
G1 (step S4 in FIG. 5). In addition, the composition unit 342
generates a composite image (ROG1B1) which is a color
image by compositing the red image R0, the green image
(1, and the blue image B1 (step S5 in FIG. 5). The display
control unit 35 causes the display unit 20 to display the
composite image (ROG1B1) (step S6 in FIG. 5). In addition,
the blue image is not generated before the first red image R0
is obtained, and the subsequent green image G1 is obtained,
and a composite image may not be generated.

Subsequently, after obtaining a red image R2 which is
subsequent to the latest green image G1, that is, when the
latest red image is updated, the blue image generation unit
341 generates a blue image B2 using this latest red image R2
and green image G1, and updates the latest blue image (step
S4 in FIG. 5). In addition, the composition unit 342 gener-
ates a composite image (R2G1B2) which is a color image by
compositing the latest red image R2, green image G1, and
blue image B2 (step S5 in FIG. 5).

Hereinafter, the spectrometry device 1 generates a com-
posite image using the latest three color images every time
a red image and a green image are sequentially obtained,
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until receiving an instruction for starting optical measure-
ment (step S7 in FIG. 5), and causes the display unit 20 to
display the composite image.

Operational Effects of Second Embodiment

In the second embodiment, two color light beams are
sequentially output from the wavelength variable interfer-
ence filter 5, a red image and a green image are sequentially
obtained, the latest red image, green image, and blue image
are generated every time these color images are obtained,
and a composite image is generated from these three color
images.

With such a configuration, it is possible to update a real
time image every time one color image is obtained, that is,
in each of one frame. In this manner, it is possible to improve
a frame rate of a real time image.

Third Embodiment

Hereinafter, a third embodiment of the invention will be
described based on drawings.

According to the first embodiment, a red image and a
green image are sequentially obtained, and a composite
image is obtained every time a set of red image and green
image which are consecutively obtained is obtained, that is,
every two frames; however, the embodiment is different
from the first embodiment in a point that a red image, a green
image, and a blue image are sequentially obtained in a
predetermined order, and a composite image is generated
every time a color image is obtained.

FIG. 8 is a diagram which schematically illustrates a
procedure of generating a composite image in the third
embodiment.

According to the embodiment, as illustrated in FIG. 8, as
an example, the spectrometry device 1 sequentially outputs
a red image, a green image, and a blue image from the
wavelength variable interference filter 5, and sequentially
obtains color images in order of a red image (R), a green
image (G), and a blue image (B). According to the embodi-
ment, the composition unit 342 generates a composite image
using the latest red image, green image, and blue image
every time any one of three color images is obtained. The
generated composite image is displayed on the display unit
20.

In addition, the spectrometry process according to the
third embodiment is approximately the same as that in the
first embodiment, except for a point that a process of
generating a blue image (step S4 in FIG. 5) is not performed.

Specifically, as illustrated in FIG. 8, the composition unit
342 generates a composite image (R0G1B2) (step S5 in FIG.
5) which is a color image by compositing the red image R0,
the green image G1, and a blue image B2 after the red image
RO, the green image G1, and a blue image B2 are sequen-
tially obtained (step S1 in FIG. 5). The display control unit
35 causes the display unit 20 to display the composite image
(ROG1B2) (step S6 in FIG. 5). In addition, a composite
image may not be generated until the first blue image B2 is
obtained.

Subsequently, when a red image R3 which is subsequent
to the latest blue image B2 is obtained, and the latest red
image is updated, the composition unit 342 generates a
composite image (R3G1B2) which is a color image by
compositing the latest red image R3, green image G1, and
blue image B2 (step S5 in FIG. 5).

Hereinafter, every time a red image, a green image, and a
blue image are sequentially obtained, the spectrometry
device 1 generates a composite image using the latest three
color images, and is displayed on the display unit 20, until
receiving an instruction for starting optical measurement
(step S7 in FIG. 5).
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In addition, according to the embodiment, as an example,
a case in which three color images are obtained in order of
a red image, a green image, and a blue image has been
described; however, there is no limitation to the above
configuration. For example, there may be a configuration in
which each color image is obtained in an arbitrary order
which is obtained as a permutation of three color images
such as an order of a green image, a blue image, and a red
image, or an order of a green image, a red image, and a blue
image.

Operational Effects of Third Embodiment

According to the embodiment, a red image, a green
image, and a blue image are sequentially obtained in a
predetermined order. In addition, a composite image is
generated by compositing the latest red image, green image,
and blue image every time any of each of color images is
obtained.

In such a configuration, it is possible to suppress deterio-
ration in color reproduction since three color images are
obtained in order to generate a composite image.

In addition, it is possible to update a real time image every
time one color image is obtained. In this manner, it is
possible to suppress a shift between each of color images.

In addition, since a red image, a green image, and a blue
image are sequentially obtained in a predetermined order,
each color image is obtained every three frames, and since
a time difference between the latest red image, green image,
and blue image can be set as three frames maximum, it is
possible to suppress a shift between each of color images.
Fourth Embodiment

Hereinafter, a fourth embodiment of the invention will be
described based on drawings.

According to the third embodiment, a red image, a green
image, and a blue image are sequentially obtained; however,
in the embodiment, a difference from the third embodiment
is that a red image and a blue image are alternately obtained
such that a green image is interposed therebetween, and a
frequency of obtaining a green image is increased.

FIG. 9 is a diagram which schematically illustrates a
procedure of generating a composite image in the fourth
embodiment.

According to the embodiment, as illustrated in FIG. 9, as
an example, the spectrometry device 1 causes a red image,
a green image, and a blue image to be sequentially output
from the wavelength variable interference filter 5. That is,
the spectrometry device 1 sequentially obtains color images
in order of a red image (R), a green image (G), a blue image
(B), and a green image (G). In addition, the composition unit
342 generates a composite image using the latest red image,
green image, and a blue image every time any one of three
color images is obtained. The generated composite image is
displayed on the display unit 20.

Specifically, as illustrated in FIG. 9, the composition unit
342 generates a composite image (R0G1B2) which is a color
image by compositing the red image R0, the green image
(1, and the blue image B2 (step S5 in FIG. 5), after the red
image RO, the green image G1, and the blue image B2 are
sequentially obtained (step S1 in FIG. 5). The display
control unit 35 causes the display unit 20 to display the
composite image (ROG1B2) (step S6 in FIG. 5).

Subsequently, when a green image G3 is obtained fol-
lowing the latest blue image B2, and the latest green image
is updated, the composition unit 342 generates a composite
image (ROG3B2) which is a color image by compositing the
latest red image RO, green image G3, and blue image B2.

Subsequently, when a red image R4 is obtained following
the latest green image (3, and the latest red image is
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updated, the composition unit 342 generates a composite
image (R4G3B2) which is a color image by compositing the
latest red image R4, green image G3, and blue image B2.

Hereinafter, the spectrometry device 1 sequentially
obtains a red image, a green image, and a blue image in the
above described order until receiving an instruction for
starting optical measurement (step S7 in FIG. 5), generates
a composite image using the latest three color images every
time any one of color images is obtained, and causes the
display unit 20 to display the composite image.
Operational Effects of Fourth Embodiment

According to the embodiment, color images are sequen-
tially obtained in order of a red image, a green image, a blue
image, and a green image. In addition, every time any one
of color images is obtained, the latest red image, green
image, and a blue image are composited, and a composite
image is generated.

In such a configuration, a green image is necessarily
obtained between a red image and a green image. That is,
among color images which are generation sources of a
composite image (real time image), it is possible to update
a green image of which a level of contribution to a lumi-
nance component is large in every two frames. For this
reason, it is possible to suppress deterioration in color
reproduction even when three color images are obtained.
Fifth Embodiment

Hereinafter, a fifth embodiment of the invention will be
described based on drawings.

In the third embodiment, a red image, a green image, and
a blue image are sequentially obtained; however, in contrast
to this, the embodiment is different from the third embodi-
ment in a point that the number of times of obtaining a blue
image is reduced when sequentially obtaining a red image,
a green image, and a blue image.

FIG. 10 is a diagram which schematically illustrates a
procedure of generating a composite image in the fifth
embodiment.

According to the embodiment, as illustrated in FIG. 10, as
an example, the spectrometry device 1 causes red light,
green light, blue light, red light, and green light to be
sequentially output from the wavelength variable interfer-
ence filter 5. That is, the spectrometry device 1 sequentially
obtains color images in order of a red image (R), a green
image (G), and a blue image (B), a red image (R), and a
green image (G). In addition, the composition unit 342
generates a composite image using the latest red image,
green image, and blue image every time any one of three
color images is obtained. The generated composite image is
displayed on the display unit 20.

Specifically, as illustrated in an example in FIG. 10, color
images are obtained in order of a red image R0, a green
image G1, a blue image B2, a red image R3, a green image
G4, a red image R5, a green image (6, a blue image B7 and
a red image R8. A composite image is generated in order of
(R0OG1B2), (R3G1B2), (R3G4B2), (R5G4B2), (R5G6B2),
(R5G6B7), and (R8G6B7), every time each color image is
obtained.

The spectrometry device 1 sequentially obtains color
images in order of a red image, a green image, a blue image,
a red image, and a green image until receiving an instruction
for starting optical measurement (step S7 in FIG. 5), and
generates a composite image using the latest three images
every time any one of color images is obtained.

In this manner, a red image and a green image are
sequentially obtained by four frames while a blue image is
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obtained, and then the subsequent blue image is obtained,
and accordingly, a frequency of obtaining a blue image is
reduced.

Operational Effects of Fifth Embodiment

According to the embodiment, a frequency of outputting
blue light is lower than frequencies of outputting red light
and green light. Specifically, when red light, green light, blue
light, red light, and green light are sequentially output from
the wavelength variable interference filter 5, blue light is
output once among five consecutive color light beams, and
for example, color images are sequentially obtained in order
of'ared image, a green image, a blue image, a red image, and
a green image. In addition, a composite image is generated
by compositing the latest red image, green image, and blue
image every time any one of each of color images is
obtained.

In such a configuration, as described above, each color
image is obtained by thinning a blue image of which a level
of contribution to color reproduction is small. In this man-
ner, it is possible to relatively increase a ratio of a green
image of which a level of contribution is large to the entire
color image. In this manner, it is possible to improve color
reproduction.

Sixth Embodiment

Hereinafter, a sixth embodiment of the invention will be
described based on drawings.

In the fifth embodiment, color images are obtained in
order of a red image, a green image, a blue image, a red
image, and a green image; however, in contrast to this, the
embodiment is different from the fitth embodiment in a point
that a red image and a green image are obtained with
intervals of two frames, two frames, and one frame, respec-
tively, therebetween, and a blue image is obtained at inter-
vals of three frames.

FIG. 11 is a diagram which schematically illustrates a
procedure of generating a composite image in the sixth
embodiment.

According to the embodiment, as illustrated in FIG. 11, as
an example, the spectrometry device 1 causes red light and
green light to be output with intervals of two frames, two
frames, and one frame, respectively, therebetween, and
causes blue light to be output with an interval of three frames
therebetween from the wavelength variable interference
filter 5. More specifically, each color light is caused to be
sequentially output from the wavelength variable interfer-
ence filter 5 in order of red light, green light, red light, blue
light, green light, red light, green light, and blue light. That
is, the spectrometry device 1 sequentially obtains color
images in order of a red image (R), a green image (G), a red
image (R), a blue image (B), a green image (G), a red image
(R), a green image (G), and a blue image (B). In addition, the
composition unit 342 generates a composite image using the
latest red image, green image, and blue image every time
any one of three color images is obtained. The generated
composite image is displayed on the display unit 20.

Specifically, as illustrated in FIG. 11, color images are
obtained in order of a red image R0, a green image G1, a
blue image B2, a red image R3, a green image G4, a red
image R5, a blue image B6, a green image G7, a red image

R8, and a green image G9 . . . . Every time each of color
images is obtained, composite images are generated in order
of (R0OG1IB2), (R3G1B2), (R3G4B2), (R5G4B2),

(R5G4B6), (R5G7B6), (R8G7B6) and (R8GIBG).

The spectrometry device 1 sequentially obtains color
images in order of a red image, a green image, a blue image,
a red image, and a green image until receiving an instruction
of starting optical measurement (step S7 in FIG. 5), and a
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composite image is generated using the latest three color
images every time any one of color images is obtained.

In this manner, a red image and a green image are
sequentially obtained in four frames after a blue image is
obtained, and then the subsequent blue image is obtained,
and accordingly, a frequency of obtaining a blue image is
reduced.

Operational Effects of Sixth Embodiment

According to the embodiment, color images are sequen-
tially obtained in the order of a red image (R), a green image
(G), a red image (R), a blue image (B), a green image (G),
a red image (R), a green image (G), and a blue image (B),
and a composite image is generated by compositing the
latest red image, green image, and blue image every time
any one of color images is obtained.

In such a configuration, as described above, it is possible
to relatively increase a proportion of a green image of which
a level of contribution is large by thinning a blue image of
which a level of contribution to color reproduction is small,
and in this manner, it is possible to improve color repro-
duction.

In addition, for example, when red light and green light
are output with intervals of two frames and one frame,
respectively, therebetween, and blue light is output with an
interval of three frames therebetween from the wavelength
variable interference filter 5 (for example, red, green, blue,
red, green, red, green, and blue), there is a case in which four
color images are interposed between blue images, and a time
difference of five frames occurs. For this reason, there is a
case in which a time difference becomes long, an imaging
position shifts between a blue image and other images, and
color shift occurs.

In contrast to this, according to the embodiment, it is
possible to reduce a time difference between blue images,
and to suppress an occurrence of the above described color
shift by setting the number of color images which are
interposed between blue images to four.

Seventh Embodiment

Hereinafter, a seventh embodiment of the invention will
be described based on drawings.

In the first embodiment, a configuration in which accu-
mulated charges of the imaging element 11 are reset at a
predetermined timing, for example, a case in which a
predetermined number of frames are imaged is exemplified.
In contrast to this, the seventh embodiment is different from
the first embodiment in a point that, when the amount of
accumulated charge (voltage value) exceeds a predeter-
mined value, the accumulated charge is reset.

FIG. 12 is a graph which schematically illustrates a
change in one pixel, in which charge is accumulated,
between a time and a voltage in the imaging element 11
which is configured so as to accumulate charges in a
non-destructive manner.

According to the embodiment, a voltage value corre-
sponding to the amount of accumulated charges is obtained
using the light intensity obtaining unit 33 with respect to
each pixel of the imaging element 11. When the imaging
element driving unit 32 detects that the voltage value
exceeds a predetermined value Ve (Yes in step S2 in FIG. 5),
the imaging element driving unit causes the imaging element
11 to reset the accumulated charge (step S3 in FIG. 5).

The above described predetermined value is set so as to be
less than a maximum voltage value Vmax corresponding to
a received light intensity which is appropriately detected by
the imaging element 11 (that is, saturation amount of imag-
ing element).
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Operational Effects of Seventh Embodiment

According to the embodiment, it is possible to prevent a
problem in which the received light intensity of the imaging
element 11 exceeds a saturation amount, and it is not
possible to detect an accurate voltage value corresponding to
a received light intensity.

In addition, it is preferable that a predetermined value be
set so as to be a value in which a maximum value of a
voltage value corresponding to a received light intensity of
one frame is roughly estimated in advance, and the maxi-
mum value is subtracted from a maximum voltage value or
more. In this manner, it is possible to suppress resetting
noise, and to reduce measurement time without resetting the
accumulated charge, even when an image of one frame can
be obtained.

Eighth Embodiment

Hereinafter, an eighth embodiment of the invention will
be described based on drawings.

In each of the above described embodiments, two or more
color images including at least a red image and a green
image among a red image, a green image, and a blue image
are sequentially obtained in a predetermined order.

In contrast to this, according to the embodiment, an order
of obtaining color images is changed, and a generation
method of a composite image is changed according to a
change in a measurement target X (for example, changing
speed of relative position of measurement target X and
spectrometry device, or the like).

FIG. 13 is a block diagram which illustrates an example
of a schematic configuration of a spectrometry device
according to the eighth embodiment.

In a spectrometry device 1A, a control unit 30A further
includes a mode setting unit 38 with respect to the control
unit 30 in the first embodiment.

Here, the spectrometry device 1A is configured so as to
perform two generation methods of a composite image in the
third and fourth embodiments. Specifically, a first mode in
the fourth embodiment in which color images are sequen-
tially obtained in order of a red image (R), a green image
(G), a blue image (B), and a green image (G), and a
composite image is generated, and a second mode in the
third embodiment in which color images are sequentially
obtained in order of a red image (R), a green image (G), and
a blue image (B), and a composite image is generated are
performed.

The mode setting unit 38 sets a mode for executing from
two modes. Specifically, the mode setting unit 38 usually
sets a first mode. In addition, the mode setting unit 38 sets
a second mode when it is determined that a shift in imaging
positions between each of color images exceeds an allow-
able value due to a rapid change in the measurement target
X, or a rapid change in relative position of the measurement
target X and the spectrometry device 1A. In the second
mode, since a red image (R), a green image (G), and a blue
image (B) are sequentially obtained, it is possible to reduce
a time difference between three color images with respect to
a measurement target, and to suppress a shift in measure-
ment position between each of color images with respect to
a change in measurement target.

In the mode setting unit 38, as a determining method
when determining that a change in imaging target between
each of color images exceeds an allowable range, for
example, there is a method in which a fluctuation amount of
an image between the latest color image and a color image
which has the same color as the latest color image, and is
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obtained previously to the latest color image is quantita-
tively estimated, among the color images which are sequen-
tially obtained.

More specifically, when a squared error in each pixel is
calculated with respect to the two color images, a total value
S of the calculated squared error is obtained, and the total
value S is larger than a threshold value T, it is determined
that a change in an imaging target between each of color
images exceeds an allowable range. In addition, the thresh-
old value T is set so that a composite image of which a
degree of color shift is in the allowable range is obtained,
according to a light receiving time of one frame, a resolution
of the imaging element 11, sensitivity, or the like.

FIG. 14 is a flowchart which illustrates an example of a
spectrometry process using the spectrometry device 1A. In
addition, steps denoting the same processes as in the spec-
trometry processes in the spectrometry device 1 according to
the first embodiment which is illustrated in FIG. 5 will be
given the same reference numerals, and descriptions thereof
will be simplified.

As illustrated in FIG. 14, when the process is started, the
mode setting unit 38 sets the first mode which is a usual
mode (step S11).

Thereafter, the spectrometry device 1A obtains a color
image in the first mode (step S1), and determines whether or
not it is a timing for resetting charges which are accumulated
in the imaging element 11 (step S2). When it is a resetting
timing, the charges in the imaging element 11 are reset (step
S3). When it is not a resetting timing, charges are consecu-
tively accumulated without resetting charges of the imaging
element 11.

Subsequently, and a composite image is generated by
compositing the obtained red image, green image, and blue
image (step S5), and the generated composite image is
displayed on the display unit 20 as a real time image (step
S6).

Subsequently, the control unit 30A determines whether or
not an instruction for starting spectrometry has been
received, and when the instruction for starting spectrometry
has not been received (No in step S7), the real time image
displaying process is performed in succession.

When receiving the instruction for starting spectrometry
(Yes in step S7), the spectrometry device 1A obtains a result
of spectrometry based on a light intensity which is obtained
by performing the spectrometry (step S8).

Subsequently, the spectrometry unit 36 obtains spectral
spectrum using the spectrometry results (step S9). Opera-
tional effects of eighth embodiment

According to the embodiment, the spectrometry device
1A may determine that a change in imaging target between
each of color images has exceeded an allowable range, and
is capable of changing a generation mode of the composite
image. That is, when the change in imaging target is in the
allowable range, for example, the composite image is
obtained using the first mode which is capable of improving
color reproduction. Meanwhile, when the change in imaging
target exceeds the allowable range, the composite image is
obtained using the second mode which is capable of sup-
pressing color shift. In such a configuration, it is possible to
obtain a composite image in a mode corresponding to an
amount of change of an imaging target, and to display a real
time image of which reproductivity is high.

Modification Example of Eighth Embodiment

As the first mode which is capable of improving color
reproduction, the generation method of a composite image
according to the fourth embodiment has been exemplified;
however, it is not limited to this, and for example, the
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generation method according to the fifth embodiment or the
sixth embodiment may be adopted.

In addition, similarly, as the second mode which is
capable of suppressing a color shift, the generation method
of'a composite image according to the third embodiment has
been exemplified; however, it is not limited to this, and for
example, the generation method of a composite image
according to the first embodiment or the second embodiment
may be adopted.

In addition, in the mode setting unit 38, the determining
method when determining that a change in imaging target
between each of color images exceeds an allowable range is
not limited to the above described method, and for example,
a mean value of light intensity (or voltage value) of each
pixel of a green image of which a level of contribution with
respect to luminance is high may be obtained, and when a
shift amount Y of the mean value between the latest green
image and a green image which is previously obtained
exceeds a threshold value Ty, a determination may be made
that a change in imaging target exceeds the allowable range.

In addition, there is no limitation to a configuration in
which a mean value of a whole green image is obtained, and
comparison being between consecutive green images. For
example, a maximum value in a case in which a green image
is divided into a plurality of image regions, a mean value is
calculated in each image region, and a shift amount of the
mean value in each image region to which consecutive green
images correspond is calculated may be setto Y, When the
maximum value Y, of the shift amount in each image region
exceed a threshold value Ty,, (Y,>Ts,,), a determination
may be made that the change in the imaging target exceeds
the allowable range.

In addition, a histogram may be created based on a
received light intensity (voltage value) of each pixel in each
color image of the latest color image, and each color image
which has the same color as the latest color image, and was
obtained previously to the latest image. In addition, a value
of squared error X, between each of color images is
obtained in each level (range of received light intensity) of
the histogram, and when the value of squared error X,,
exceeds the threshold value T, (X,>T5), a determination
may be made that the change in imaging target exceeds the
allowable range.

Modification of Embodiment

In addition, the invention is not limited to each of the
above-described embodiments, and configurations which
are obtained by performing a modification, an improvement,
an appropriate combination of each of embodiments, and the
like, in a range of achieving the object of the invention are
included in the invention.

For example, in each of the above-described embodi-
ments, the spectrometry devices 1 and 1A are exemplified;
however, it is possible to apply the invention to an analysis
device which performs a component analysis, or the like, of
a measurement target.

In addition, in each of the above-described embodiments,
a configuration of obtaining spectral spectrum based on a
measurement result has been exemplified as the spectrom-
etry devices 1 and 1A; however, the invention is not limited
to this, and it is possible to apply the invention to various
electronic devices such as a spectral camera which obtains
a spectral image. That is, it is possible to improve a frame
rate of a real time image when generating a composite
image, and displaying the composite image as a real time
image, for example, a case in which a measurement value is
set while referring to a real time image. For this reason, it is
possible to display a real time image of which reproductivity
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is high with respect to the measurement target X, and with
a high follow-up performance with respect to a movement of
the measurement target X.

In each of the above-described embodiments, a configu-
ration in which an imaging element is configured so as to
perform reading in a non-destructive manner has been
exemplified; however, the invention is not limited to this,
and an imaging element in which accumulated charge is
reset every time a detection signal is read may be used. In
this case, a plurality of exposure amounts is obtained with
respect to each wavelength, by measuring each wavelength
using a plurality of exposure times.

In each of the above-described embodiments, there may
be a configuration in which the wavelength variable inter-
ference filter 5 is incorporated in the optical module 10 in a
state of being accommodated in a package. In this case, it is
possible to improve driving responsiveness when a voltage
is applied to the electrostatic actuator 56 of the wavelength
variable interference filter 5 by performing vacuum sealing
of the package in the inside thereof.

In each of the above-described embodiments, the wave-
length variable interference filter 5 is configured by includ-
ing the electrostatic actuator 56 which causes a fluctuation in
gap size between reflecting films 54 and 55 by applying a
voltage; however, the invention is not limited to this.

For example, it may be a configuration in which a
dielectric actuator in which a first dielectric coil is arranged
instead of the fixed electrode 561, and a second dielectric
coil or a permanent magnetic is arranged instead of the
movable electrode 562 are used.

In addition, it may be a configuration in which a piezo-
electric actuator is used instead of the electrostatic actuator
56. In this case, it is possible to bend the holding unit 522
by causing a piezoelectric film to expand or contract, by
arranging, for example, a lower electrode layer, the piezo-
electric film, and an upper electrode layer in a stacking
manner in the holding unit 522, and by varying a voltage
which is applied between the lower electrode layer and the
upper electrode layer, as an input value.

In each of the above-described embodiments, the wave-
length variable interference filter 5 in which the fixed board
51 and the movable board 52 are bonded in a state of facing
each other as a Fabry-Perot etalon, the fixed reflecting film
54 is provided on the fixed board 51, and the movable
reflecting film 55 is provided on the movable board 52 is
exemplified; however, the invention is not limited to this.

For example, it may be a configuration in which the fixed
board 51 and the movable board 52 are not bonded, and a
gap changing unit which changes a gap between reflecting
films such as a piezoelectric element, or the like, is provided
between the boards, or the like.

In addition, it is not limited to a configuration which is
configured of two boards. For example, a wavelength vari-
able interference filter in which two reflecting films are
stacked on one board through a sacrificial layer, and a gap
is formed by eliminating the sacrificial layer using etching,
or the like, may be used.

In addition, as the spectral filter, for example, an Acousto
Optic Tunable Filter (AOTF), or a Liquid Crystal Tunable
Filter (LCTF) may be used. However, it is preferable to use
the Fabry-Perot filter as in each of the above-described
embodiments, when considering miniaturization of the
apparatus.

Other than that, a specific structure when executing the
invention may be a configuration in which each of the
above-described embodiments and modification examples
are appropriately combined in a range in which objects of
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the invention are achieved, and may be appropriately
changed into other structures, or the like.

The entire disclosure of Japanese Patent Application No.
2014-014088 filed on Jan. 29, 2014 is expressly incorpo-
rated by reference herein.

What is claimed is:

1. An electronic apparatus comprising:

a spectral filter which selectively outputs light with a
wavelength among input light, and is capable of chang-
ing the wavelength of the output light;

a filter driving unit which sets the wavelength of the
output light, and makes sequentially output at least red
light and green light among three color light beams of
the red light in a red color wavelength range, the green
light in a green color wavelength range, and blue light
in a blue color wavelength range in a predetermined
order from the spectral filter;

an imaging element which receives at least the red light
and the green light which are sequentially output from
the spectral filter, and obtains at least a red image and
a green image among three color images of the red
image, the green image, and a blue image correspond-
ing to the three color light beams; and

an image generation unit which generates a composite
image using the latest color images including at least
the red image and the green image which are obtained
using the imaging element.

2. The electronic apparatus according to claim 1,

wherein the filter driving unit sequentially outputs the red
light and green light from the spectral filter,

wherein the imaging element sequentially obtains the red
image and the green image which respectively corre-
spond to the red light and the green light, and

wherein the image generation unit includes a blue image
generation unit which generates the blue image from
the red image and the green image, and a composition
unit which composites the latest red image and green
image, and the blue image which is generated by the
blue image generation unit, and generates the compos-
ite image.

3. The electronic apparatus according to claim 2,

wherein the blue image generation unit generates the blue
image from a set of red image and green image every
time the set of red image and green image correspond-
ing to a set of the red light and the green light which is
consecutively output is obtained, and

wherein the composition unit generates the composite
image every time the set of red image and green image
is obtained.

4. The electronic apparatus according to claim 2,

wherein the blue image generation unit generates the blue
image from the latest red image and green image every
time any of the red image and green image correspond-
ing to the red light and the green light, respectively, is
obtained, and

wherein the composition unit generates the composite
image every time any of the red image and green image
is obtained.

5. The electronic apparatus according to claim 1,

wherein the filter driving unit sequentially outputs the
three color light beams in a predetermined order from
the spectral filter,

wherein the imaging element sequentially obtains the red
image, the green image, and the blue image which
correspond to the red light, the green light, and the blue
light in a predetermined order, and
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wherein the image generation unit generates the compos-
ite image in which the latest red image, green image,
and blue image are composited every time any of the
three color images is obtained.

6. The electronic apparatus according to claim 5,

wherein the filter driving unit outputs each color light in
order of the red light, the green light, the blue light, and
the green light.

7. The electronic apparatus according to claim 5,

wherein the filter driving unit sets a frequency of output-
ting the blue light among the color light beams to be
lower than frequencies of outputting the red light and
the green light.

8. The electronic apparatus according to claim 7,

wherein the filter driving unit outputs the red light and the
green light at intervals of two frames, two frames, and
one frame, respectively, and the blue light with an
interval of three frames.

9. The electronic apparatus according to claim 1,

wherein the imaging element performs reading of charges
which are accumulated according to a received light
intensity of light which is output from the spectral filter
using a non-destructive readout method which is not
accompanied by resetting of the accumulated charges,
and

wherein the imaging element includes an imaging element
driving unit which causes the imaging element to reset
the accumulated charge every time a predetermined
number of the color images are obtained.

10. The electronic apparatus according to claim 1,

wherein the imaging element performs reading of the
charges which are accumulated according to the
received light intensity of the light which is output from
the spectral filter using the non-destructive readout
method which does not accompany resetting of the
accumulated charge, and

wherein the imaging element includes the imaging ele-
ment driving unit which causes the imaging element to
reset the accumulated charge when exceeding a prede-
termined received light intensity.

11. A method of controlling an electronic apparatus which

includes a spectral filter which selectively outputs light with
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a predetermined wavelength from input light, and is capable
of changing a wavelength of the output light, a filter driving
unit which sets a wavelength of light which is output from
the spectral filter, an imaging element which receives color
light beams output from the spectral filter, and obtains color
images, and an image generation unit which generates a
composite image using the color images which are obtained
using the imaging element, the method comprising:
sequentially outputting at least red light and green light
among three color light beams of predetermined red
light in a red color wavelength range, predetermined
green light in a green light wavelength range, and
predetermined blue light in a blue light wavelength
range from the spectral filter in a predetermined order;
obtaining at least the red image and green image among
three color images of the red image, the green image,
and a blue image corresponding to the three color light
beams by receiving at least the red light and green light;
and

generating a composite imagecomposite image using lat-
est color images including at least the red image and
green image which are obtained.

12. An electronic apparatus comprising:

a spectral filter that outputs output light among input light,
and that is capable of changing wavelength of the
output light;

a filter driving unit that drives the spectral filter to set the
wavelength;

an imaging element that receives the output light; and

an image generation unit that generates a composite
image that is obtained by the imaging element,

wherein the spectral filter outputs at least red light and
green light in a predetermined order,

the composite image including latest color images that
includes a red image corresponding to the red light, and
a green image corresponding to the green light, and

the image generation unit that generates the composite
image is configured to generate a blue image from the
red image and the green image.
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